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(57) ABSTRACT

A medical device having an 1maging function includes a
shaft main body portion having an 1image acquiring lumen
and a guide wire lumen extending from a distal side to a
proximal side of the shait main body portion. A proximal
portion of the shait main body includes a first shaft proximal
portion 1n which the image acquiring lumen 1s disposed, and
a second shaft proximal portion 1n which the guide wire
lumen 1s disposed, and which are bifurcated. A shait distal
portion has a common lumen in which the 1mage acquiring
lumen and the guide wire lumen converge, a first hub portion
1s interlocked with the first shaft proximal portion, a second
hub portion 1s interlocked with the second shait proximal
portion, and a hub casing collectively covers the first shaft
proximal portion, the second shaft proximal portion, the first
hub portion and the second hub portion.
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1
MEDICAL DEVICE

CROSS-REFERENCES TO RELATED
APPLICATIONS

This application 1s a continuation of International Appli-

cation No. PCT/JP2016/050139 filed on Jan. 5, 2016, and
claims priority to Japanese Application No. 2015-001317

filed on Jan. 7, 2015, the entire content of both of which 1s
incorporated herein by reference.

TECHNICAL FIELD

The present invention generally relates to a medical
device insertable into a body lumen and configured to
acquire 1mage information.

BACKGROUND ART

When a target lesion 1 a lumen of a blood vessel, a vessel,
and the like, 1s examined, an ultrasound catheter that trans-
mits and receives ultrasound waves to and from the target
lesion 1s used. The ultrasound catheter includes an 1maging
core that 1s provided with a transducer unit for transmitting
and receiving the ultrasound waves and a drive shaft that
causes the transducer unit to rotate, and a shaft portion 1n
which the 1maging core 1s internally installed and which 1s
inserted in the lumen. The 1maging core 1s movable 1n an
axial direction of the shait portion while rotating 1n the shaft
portion.

For example, Japanese Application No. 8-503629 dis-
closes an ultrasound catheter 1n which a lumen for images
through which a work element for imaging 1s movable and
a guide wire lumen in which a guide wire 1s accommodat-
able are formed on a proximal side, and an 1mage acquiring
lumen and the guide wire lumen converge in a common
lumen on a distal side. In the ultrasound catheter, the work
clement for 1maging 1s capable of reciprocating through the
lumen for images on the proximal side and the common
lumen on the distal side, and the guide wire 1s movable

through the guide wire lumen on the proximal side and the
common lumen on the distal side. The ultrasound catheter
employs an over-the-wire structure 1n which the guide wire
lumen extends to the vicinity of a proximal housing that 1s
operated by an operator. The ultrasound catheter 1s an
over-the-wire type, thereby being flexibly compliable with
the guide wire used and being capable of etfliciently trans-
mitting a pushing force of the operator such that 1t 1s possible
to acquire an 1mage of a deep portion of a more complex
region such as a bifurcated portion or a stenosed site of a
blood vessel.

SUMMARY OF INVENTION

In the ultrasound catheter disclosed 1n Japanese Applica-
tion No. 8-503629, the guide wire lumen does not extend to
the proximal housing that 1s operated by the operator, but 1s
opened on the distal side from the proximal housing. There-
fore, since 1t 1s possible for an opening portion of the guide
wire lumen on the proximal side to approach a sheath for
percutaneously introducing the ultrasound catheter into the
blood vessel, the opening portion is likely to be wetted with
blood leaking from the sheath. Therefore, 1t 1s diflicult to
perform an interchange of the guide wire or an injection
operation ol a contrast agent, medicine, or the like via the
guide wire lumen.
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The medical device disclosed here 1s configured to facili-
tate relatively easy interchange of a guide wire during an
operation and 1njection of a contrast agent, medicine, or the
like mto a living body via a guide wire lumen such that 1t 1s
possible to acquire 1mage information.

The medical device 1s insertable into a body lumen to
acquire 1mages and comprises: a shait main body portion
formed as a double-lumen structure comprised of an 1image
acquiring lumen and a guide wire lumen for receiving a
guide wire, with the shait main body portion possessing a
distal end and a proximal end, with both the image acquiring
lumen and the guide wire lumen extending from the distal
end of the shaft main body portion to the proximal end of the
shaft main body portion. A proximal portion of the shaft
main body portion adjacent the proximal end of the shaft
main body portion comprises a first shait proximal portion
in which a portion of the image acquiring lumen 1s disposed,
and a second shait proximal portion in which a portion of the
guide wire lumen 1s disposed, wherein the first shaft proxi-
mal portion and the second shait proximal portion being
biturcated. A shait distal portion positioned distal of the
shaft main body portion and includes a common lumen 1n
which the image acquiring lumen and the guide wire lumen
converge. A first hub portion 1s mnterlocked with the first
shaft proximal portion 1in an airtight manner, and the second
hub portion 1s interlocked with the second shait proximal
portion 1 an airtight manner. A hub casing collectively
covers at least a part of the first shatt proximal portion, at
least a part of the second shaft proximal portion, at least a
part of the first hub portion, and at least a part of the second
hub portion. A drive shaft 1s positionable in the 1mage
acquiring lumen of the shait main body portion and 1is
movable 1n a rotating direction and an axial direction 1n the
image acquiring lumen, and a imaging unit 1s configured to
acquire 1image information in the body lumen and 1s fixed to
a distal end of the drive shaft so that movement of the drive
shaft 1n the rotating direction and the axial direction results
in movement of the imaging unit 1n the rotating direction and
the axial direction respectively to axially move and rotate
the 1maging unit in the common lumen.

In the medical device having such a configuration
described above, the first hub portion is interlocked, in the
airtight manner, with the first shait proximal portion 1n
which the drive shaft 1s accommodated, and the second hub
portion 1s interlocked, 1n an airtight manner, with the second
shaft proximal portion into which the guide wire 1s 1nserted,
and the hub casing collectively covers the first hub portion
and the second hub portion. Therefore, 1t 1s easy to inter-
change the guide wire on a hand side during an operation
and 1t 1s possible to 1ject a contrast agent, medicine, or the
like via the guide wire lumen. Further, since the drive shatt
1s held 1n the first shaft proximal portion 1n the hub casing,
the distortion or sliding failure of the drive shaft 1s unlikely
to occur, and thus 1t 1s possible to acquire a good-quality
image. In addition, since the guide wire 1s held 1n the second
shaft proximal portion 1n the hub casing, the distortion or the
sliding failure of the guide wire 1s unlikely to occur 1n the
hub casing, and thus 1t 1s possible to achieve a high-quality
operation of the guide wire W. In addition, since the first hub
portion 1s mnterlocked with the first shaft proximal portion in
the airtight manner, and the second hub portion is inter-
locked with the second shaft proximal portion 1n the airtight
manner, the hub casing that collectively covers the first shaft
proximal portion, the second shaft proximal portion, the first
hub portion, and the second hub portion does not need to
have the sealing performance, but can have a simplified




US 10,842,465 B2

3

configuration, and can realize simplification in the manu-
facturing process or reduction 1n costs.

When the shaft main body portion 1s provided with two
regions having diflerent colors, one region in which the
image acquiring lumen 1s formed and the other region in
which the guide wire lumen 1s formed, it 1s possible to easily
discriminate between the image acquiring lumen and the
guide wire lumen and 1t 1s easy to msert the guide wire into
the guide wire lumen when the guide wire 1s inserted into the
guide wire lumen from an opening portion of the shatt distal
portion on the distal side.

In a case where the axis line of the shaft main body
portion 1n the distal portion of the hub casing 1s set to the
reference line, 01 represents the inclination of the central
axis of the first hub portion with respect to the reference line,
02 represents the inclination of the central axis of the second
hub portion with respect to the reference line, and the
relationship of 101/>102| 1s satisfied, even when the guide
wire lumen and the opening portion of the image acquiring,
lumen on the proximal side are close to each other, the first
hub portion and the second hub portion are formed 1n the
different directions. Therefore, it 1s possible to maintain the
high operability without the interference of the motion of the
drive shait and the imaging unit via the 1mage acquiring
lumen with the operation of the guide wire via the guide wire
lumen. In addition, since the relationship of 1011>|021 1s
satisfied, 1t 1s possible to maintain the operability of the
guide wire normally having rigidity higher than that of the
drive shafit, to the highest extent.

According to another aspect, an 1mage-acquiring medical
device insertable 1nto a body lumen to acquire images nside
the body lumen comprises: a shaft main body portion
possessing a distal end at one end of the shaft main body
portion and a proximal end at an opposite end of the shaft
main body portion, the shait main body including two
lumens extending throughout a length of the shait main body
portion from the distal end of the shaft main body portion to
the proximal end of the shaft main body portion, with the
two lumens of the shaft main body being separated from one
another along the length of the shait main body portion by
a wall, and the two lumens 1n the shait maimn body compris-
ing an 1mage acquiring lumen and a guide wire lumen for
receiving a guide wire. A proximal portion of the shait main
body includes a first shait proximal portion, 1n which a
portion of the image acquiring 1s disposed, and a second
shaft proximal portion, in which a portion of the guide wire
lumen 1s disposed, with the first shait proximal portion and
the second shait proximal portion being bifurcated. A shaft
distal portion 1s connected to the distal end of the shaft main
body and possesses an open distal end and an open proximal
end, with the shaft distal portion including a lumen that
extends from the open proximal end of the shaft distal
portion to the open distal end of the shaft distal portion, the
open proximal end of the shaft main body communicating
with both the guide wire lumen and the 1mage acquiring
lumen so that a guide wire 1s guidable along the guide wire
lumen 1n the shaft main body and along the lumen 1n the
shaft distal portion while extending distally beyond the open
distal end of the shait distal portion and proximally beyond
a proximal end of the second shait proximal portion. A first
hub portion 1s interlocked with the first shaft proximal
portion 1n an airtight manner and a second hub portion
interlocked with the second shaft proximal portion 1n an
airtight manner, and a drive shait 1s rotatably positioned 1n
the 1mage acquiring lumen and 1s axially movable 1n the
image acquiring lumen. A transducer unit configured to
acquire 1mages 1s fixed to the distal end of the drive shatt so
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that axial and rotational movement of the drive shaft results
in axial and rotational movement respectively of the trans-
ducer unit. A hub casing encircles at least a part of the first
hub portion, at least a part of the second hub portion and a
part of the shait main body positioned immediately distal of
the first and second hub portions.

In accordance with another aspect, a method comprises
inserting a guide wire into a lumen 1n a living body, wherein
the guide wire possesses a distal end and an opposite
proximal end so that the guide wire 1s introduced into the
lumen 1n the living body such that the proximal end of the
guide wire remains outside the living body. The method also
includes introducing the proximal end of the guidewire into
an open distal end of a medical device. The medical device
comprises: a shalt main body portion provided with a guide
wire lumen and an 1mage acquiring lumen that both extend
along an entire length of the shaft main body, with the guide
wire lumen and the image acquiring lumen being separated
from one another by a wall; a proximal portion of the shaft
main body portion comprising a first shait proximal portion
in which a portion of the image acquiring lumen 1s disposed
and a second shait proximal portion in which a portion of the
guide wire lumen 1s disposed, with the first shaft proximal
portion and the second shait proximal portion being bifur-
cated; a shaft distal portion positioned distal of the shaft
main body portion and including a common lumen 1n which
the 1mage acquiring lumen and the guide wire lumen con-
verge, and the shaft distal portion including an open distal
end constituting the open distal end of the medical device
into which the proximal end of the guidewire 1s introduced.
A first hub portion 1s imterlocked with the first shaft proximal
portion 1n an airtight manner and a second hub portion 1s
interlocked with the second shaft proximal portion 1n an
airtight manner, and a hub casing covers at least a part of the
first shait proximal portion, at least a part of the second shaft
proximal portion, at least a part of the first hub portion, and
at least a part of the second hub portion. The method also
involves moving the medical device along the guide wire
while guiding the proximal end of the guide wire through the
common lumen 1n the shaft distal portion and 1nto the guide
wire lumen 1n the shaft main body portion, continuing to
move the medical device along the guide wire to guide the
proximal end of the guide wire mto the gmide wire lumen in
the second shaft proximal portion, and to guide the proximal
end of the guide wire through the second hub portion so that
the proximal end of the guide wire 1s positioned proximally
beyond a proximal end of second hub portion, and moving
an 1maging umt 1n a distal direction 1n the 1mage acquiring
lumen by axially moving a driving shait possessing a distal
end to which the imaging unit 1s fixed, the moving of the
imaging unit 1n the distal direction 1n the 1image acquiring
lumen causing the 1imaging unit to enter the common lumen
in the shatt distal portion.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a plan view illustrating a medical device
according to an embodiment.

FIG. 2 1s a longitudinal-sectional view 1llustrating a distal
portion of the medical device according to the embodiment.

FIG. 3 1s a cross-sectional view taken along the section
line III-III 1n FIG. 2.

FIG. 4 1s a plan view 1llustrating a hub of the medical
device according to the embodiment.

FIG. 5 1s a plan view 1illustrating a {first casing and a
second casing.



US 10,842,465 B2

S

FIG. 6 1s a perspective view 1llustrating parts of the first
casing and the second casing 1n an enlarged manner.

FIG. 7 1s a plan view 1illustrating a hub of a modification
example of the medical device according to the embodi-
ment.

FIG. 8 1s a plan view 1illustrating an external drive device.

FIG. 9 1s a plan view 1illustrating the medical device when
a transducer unit 1s pulled back.

FIG. 10 1s a schematic plan view for 1llustrating a method
for manufacturing the medical device.

FIG. 11 1s a plan view 1illustrating a state before the hub
casing 1s attached to a first hub portion, a second hub
portion, and a shait main body portion.

FI1G. 12 15 a plan view 1llustrating a state in which the hub
casing 1s attached to the first hub portion, the second hub
portion, and the shaft main body portion.

FI1G. 13 1s a longitudinal-sectional view illustrating a state
in which priming 1s performed on the medical device
according to the embodiment.

FI1G. 14 1s a longitudinal-sectional view illustrating a state
in which the medical device according to the embodiment 1s
inserted mnto a blood vessel.

FIG. 15 1s a longitudinal-sectional view illustrating the
medical device which 1s 1n a state 1n which a guide wire
moves to the proximal side from a common lumen.

FI1G. 16 1s a longitudinal-sectional view illustrating a state
in which an 1maging core moves forward in the medical
device according to the embodiment.

FI1G. 17 1s a longitudinal-sectional view illustrating a state
in which an 1mage 1s acquired by an imaging core of the
medical device according to the embodiment.

DETAILED DESCRIPTION

Set forth below with reference to the accompanying
drawing figures 1s a detailed description of an embodiment
ol a medical device representing one example of the inven-
tive medical device disclosed here. A dimension ratio 1n the
figures 1s enlarged depending on the description and the ratio
1s different from an actual ratio in some cases.

As 1illustrated in FIGS. 1 to 4, a medical device 1 1s an
ultrasound catheter that accommodates an 1maging core 4
for performing ultrasound diagnosis and 1s configured to be
inserted mmto a body lumen. The medical device 1 1s con-
nected to an external drive device 7 (refer to FIG. 8) that
holds the medical device 1 and drives the imaging core 4,
and the medical device 1s mainly used for performing
diagnosis in a blood vessel. In this specification, a side, on
which insertion 1nto a lumen of a living body 1s performed,
1s referred to as a “distal end” or a “distal side”, and a hand
side, on which an operation 1s performed, is referred to as a
“proximal end” or a “proximal side”.

The medical device 1 includes a shaft portion 2 that 1s
inserted into the lumen 1n the living body, the 1maging core
4 (1maging unit) that transmits and receives ultrasound
waves toward and from tissue 1n a lumen, a hub 3 through
which the imaging core 4 penetrates and which 1s positioned
on the proximal side from a shait portion 2, and an operation
unit 3 that operates the 1imaging core 4.

The shaft portion 2 includes a shait distal portion 21, a
shaft main body portion 22 that 1s disposed on the proximal
side of the shaft distal portion 21, and a distal tip 23 that 1s
disposed on the distal side of the shait distal portion 21.

The shait main body portion 22 1s provided with an image
acquiring lumen or instrument lumen 25 into which the
imaging core or medical mstrument 4 1s 1serted or posi-
tioned and a guide wire lumen 26 into which a guide wire W
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1s 1nserted or positioned. The image acquiring lumen 25 and
the guide wire lumen 26 are separated by a wall as shown 1n
FIG. 2 and are formed to penetrate from the distal side to the
proximal side of the shait main body portion 22. That 1s, the
image acquiring lumen 25 and the guide wire lumen 26 both
pass completely through the shait main body portion 22
from the distal end to the proximal end. The shaft main body
portion 22 1s provided with an intermediate shaft portion 221
in which the image acquiring lumen 235 and the guide wire
lumen 26 are parallel to each other on the distal side, and a
first shaft proximal portion 222 and a second shait proximal
portion 223 which are bifurcated and extend from the
intermediate shaft portion 221 in a proximal direction. The
image acquiring lumen 25 1s formed or posmoned inside the
first shatt proximal portion 222, and the guide wire lumen 26
1s formed or positioned 11181de the second shait proximal
portion 223. The shaft main body portion 22 may have an
outer diameter and an inner diameter which are different
depending on a position 1n an axial direction. For example,
the outer diameter and the mner diameter may decrease to
have a tapered shape from the proximal side to the distal side
such that physical properties do not remarkably change, and
thereby 1t 1s possible to reduce an occurrence of a kink while
high pushing performance and passability are realized.

The shait main body portion 22 1s formed by or comprised
of a first pipe body 61 1n which the image acquiring lumen
25 1s formed, and a second pipe body 62 1n which the guide
wire lumen 26 1s formed. The first pipe body 61 and the
second pipe body 62 are positioned side-by-side, are con-
nected by heat-welding (or adhesmn) have Colors different
from each other (i.e., the first pipe body 61 is of a different
and visually distinguishable color relative to the color of the
second pipe body 62), and have transparency allowing the
inside of the first and second pipe bodies 61, 62 to be
observed. In this manner, while observing the inside of the
shaft portion 2, 1t 1s possible to mnsert the guide wire W not
into the 1image acquiring lumen 25, but selectively into the
guide wire lumen 26.

The shatt distal portion 21 1s provided with one common
lumen 27 (also called a single lumen), 1n which the image
acquiring lumen 235 and the guide wire lumen 26 converge
or communicate. The shait distal portion 21 1s open at both
ends (the proximal and distal ends). Hence, 1t 1s possible for
the guide wire W from the guide wire lumen 26 and the
imaging core 4 from the 1mage acquiring lumen 23 to enter
the common lumen 27.

The distal tip 23 1s a pipe body that 1s made of a flexible
material, 1s disposed on the distal side of the shaft distal
portion 21, and 1s provided with a distal opening portion 28
which communicates with the common lumen 27. The distal
tip 23 reduces an impact on biological tissue brought into
contact with the tip when the medical device 1 moves 1nside
the body lumen.

The imaging core 4 1s slidably disposed in the image
acquiring lumen 25 1n the axial direction of the shaft portion
2. The imaging core 4 1s provided with a transducer unit 41
for transmitting and receiving the ultrasound waves to and
from biological tissue from the lumen, and a drive shaft 42
having a distal end at which 1s attached the transducer unit
41 so that the drive shait 42 1s able to cause the transducer
unit to rotate. The transducer unit 41 1s configured to include
an ultrasound transducer 411 that transmits and receives the
ultrasound waves, and a housing 412 that accommodates the
ultrasound transducer 411.

The shaft distal portion 21 1s made of a material having
high transmittivity of the ultrasound waves. The shatt distal
portion 21 1s made of a material having flexibility, and there
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1s no particular limitation on the material. Examples of the
material include various types of plastic elastomers such as
styrene-based elastomer, polyolefin-based elastomer, poly-
urcthane-based elastomer, polyester-based elastomer, poly-
amide-based elastomer, polyimide-based elastomer, polyb-
utadiene-based clastomer, trans-polyisoprene-based
elastomer, fluororubber-based elastomer, or chlorinated
polyethylene-based elastomer, and 1t 1s possible to apply a
combination (a polymer alloy, a polymer blend, a laminated
body, or the like) of one or more types thereof.

The shaft main body portion 22 1s made of a material
having flexibility, and there 1s no particular limitation on the
material. For example, 1t 1s possible to apply the materials
that can be applied to the shaft distal portion 21 described
above.

The distal tip 23 1s made of a matenial that 1s more tlexible
than that of the shaft distal portion 21, and there i1s no
particular limitation on the material. For example, it 1s
possible to apply the materials that can be applied to the
shaft distal portion 21 described above.

The drive shaft 42 1s flexible and has characteristics of
being capable of transmitting power of rotation generated in
the operation unit 3 to the transducer unit 41. For example,
the drive shaft 1s configured of a pipe body having a
multi-layer coil shape such as a three-layer coil formed to
have winding directions of rightward, leftward, and right-
ward direction alternately in the radial direction so that
adjacent windings are wound in the opposite direction. The
drive shait 42 transmits the power of rotation, thereby the
transducer unit 41 rotates, and it 1s possible to observe a
target lesion 1n a lumen of a blood vessel or the like 1n a
circumierential direction. In addition, a signal line 43 for

transierring a signal detected by the transducer unit 41 to the
operation unit 3 passes through the inside of the drive shatt
42.

The hub 5 15 provided with a first hub portion 51 that 1s
interlocked with the first shaft proximal portion 222 1n an
airtight manner, a second hub portion 52 that 1s iterlocked
with the second shaft proximal portion 223 1n an airtight
manner, a hub casing 53 that covers the first hub portion 51
and the second hub portion 52, and a first anti-kink protector
54.

The operation unit 3 that 1s interlocked with the external
drive device 7 in order to operate the imaging core 4 1s
interlocked with the first hub portion 51. The operation unit
3 1s provided with an outer tube 32 that 1s iterlocked with
the first hub portion 51, a umt connector 37 that 1s inter-
locked with a proximal portion of the outer tube 32, an 1inner
tube 34 that 1s movable 1n the axial direction with respect to
the outer tube 32, and an operation proximal portion 31 that
1s interlocked with the proximal portion of the inner tube 34.

The operation proximal portion 31 holds the drive shaft
42 and the 1nner tube 34. The operation proximal portion 31
moves such that the inner tube 34 1s pushed i1nto the umnit
connector 37 and the outer tube 32 (refer to FIG. 1), or 1s
pulled out (refer to FIG. 9), and the drive shatt 42 1s coupled
to the operation proximal portion 31 and slides 1n the shaft
portion 2 1n the axial direction. The operation proximal
portion 31 1s provided with a port 311 into which saline
(saline solution) for priming i1s injected. The port 311
communicates with the image acquiring lumen 25.

As 1llustrated 1n FIG. 1, when the inner tube 34 1s pushed
to the greatest extent (1.e., moved to the greatest extent in the
axial forward direction), the end portion of the inner tube 34
on the distal side moves inside the outer tube 32 and reaches
the vicinity of the first hub portion 51. As 1llustrated 1n FIG.
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2, 1n this state, the transducer unit 41 1s positioned in the
vicinity of the distal end of the common lumen 27 of the
shaft portion 2.

In addition, as illustrated 1n FIG. 9, when the 1inner tube
34 1s pulled out to the greatest extent, a stopper 315 formed
on the distal end of the inner tube 34 1s clasped to an 1nner
wall of the unit connector 37, and the 1nner tube except for
the vicinity of the clasped distal end 1s exposed. In this state,
the transducer unit 41 1s pulled back through the inside of the
shaft portion 2 while remaining 1n the shait portion, and 1s
accommodated 1n an accommodation umt 251 formed 1n a
distal region of the 1mage acquiring lumen 25. As described
above, the transducer unit 41 1s movable inside the common
lumen 27 and the 1image acquiring lumen 25 1n the axial
direction while rotating so as to generate a tomographic
image ol a blood vessel or the like.

The operation proximal portion 31 includes a joint 312, a
hub-side connector 313 connected to the proximal portion of
the drive shaft 42, and a second anti-kink protector 314.

The joint 312 1s provided with an opening portion on the
proximal side of the joint 312, and the hub-side connector
313 1s disposed inside the joint 312. The hub-side connector
313 can be interlocked with a drive-side connector 711 (refer
to FIG. 8) provided 1n the external drive device 7 from the
proximal side of the jomnt 312, and the interconnection
causes the external drive device 7 and the hub-side connec-
tor 313 to be mechanically and electrically connected to
cach other.

As 1llustrated i FIG. 2, one end of the signal line 43 1s
connected to the hub-side connector 313, and the other end
of the signal line 43 passes through the drive shaft 42 and 1s
connected to the transducer unit 41. Irradiation with the
ultrasound waves 1s performed from the transducer unit 41
in response to a signal transmitted from the external drive
device 7 wvia the drive-side connector 711, the hub-side
connector 313, and the signal line 43, to the transducer unit
41. In addition, a signal detected by the transducer unit 41
by recerving the ultrasound waves 1s transferred to the
external drive device 7 via the signal line 43, the hub-side
connector 313, and the drive-side connector 711.

The second anti-kink protector 314 i1s disposed on the
periphery of the inner tube 34 and the operation proximal
portion 31 and reduces kinking of the inner tube 34.

The outer tube 32 1s fixed to the proximal end of the first
hub portion that projects proximally beyond the proximal-
most end of the hub casing 53. The outer tube 32 that 1s
attached to the first hub portion 51 includes a proximal
portion inserted to be fitted into the inside of, or positioned
inside, the unit connector 37, and the inner tube 34 extending
from the operation proximal portion 31 is inserted into or
positioned inside the inside of the outer tube 32. The umt
connector 37 can be connected to a holding portion 73 (refer
to FIG. 8) of the external drive device 9.

As 1llustrated i FIGS. 1 and 4, the distal portion of the
outer tube 32 is mterlocked with the first hub portion 51 so
that the distal portion of the outer tube 32 1s fitted 1n the first
hub portion 31 from the proximal side of the first hub portion
51, and the first shaft proximal portion 222 1s inserted into
(positioned 1n) and 1s nterlocked with the first hub portion
from the distal side of the first hub portion 51 through
heat-welding or adhesion in an airtight manner. Hence, the
drive shait 42 and the saline passing through the inner tube
34 and the outer tube 32 are movable to the 1mage acquiring
lumen 25 through the first hub portion 31. That 1s, the outer
tube 32, the first hub portion 51, the first shait proximal
portion 222 and the 1image acquiring lumen 235 communicate
with each other so that the drive shait 42 and saline can pass
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along such path. The first hub portion 51 1s provided with a
first interlocking convex portion 511 that projects outwardly
to have a ring shape, on the outer peripheral surface of the
first hub portion so as to be interlocked with the hub casing
53.

The second shaft proximal portion 223 is mnserted into
(posttioned 1n) and 1s interlocked with the second hub
portion 52 from the distal side of the second hub portion 52
through heat-welding or adhesion 1n an airtight manner.
Hence, the second hub portion 32 communicates with the
guide wire lumen 26 and the guide wire W can pass through
the second hub portion. The second hub portion 52 1s
provided with a second interlocking convex portion 521 that
projects outwardly to have a rning shape, on the outer
peripheral surface of the second hub portion so as to be
interlocked with the hub casing 53.

As 1llustrated 1in FIGS. 4 to 6, the hub casing 53 includes
two casings, namely a first casing 531 and a second casing
532 which have a split type structure so as to interpose outer
peripheral surfaces of the shaft main body portion 22, the
first hub portion 51, and the second hub portion 32 from both
sides. That 1s, distal portions of the first and second hub
portions 51, 52 and a proximal portion of the shaft main
body portion 22 are positioned between the two casings 531,
532. The first casing 531 and the second casing 332 have a
symmetrical shape so as to interpose the shait main body
portion 22, the first casing 531, and the second casing 532.
The first casing 531 and the second casing 532 are provided
with a distal side fitting portion 333 1n which the shait main
body portion 22 1s fitted, a first hub fitting portion 534 in
which the first hub portion 51 1s fitted, and a second hub
fitting portion 535 1n which the second hub portion 52 is
fitted.

The first hub fitting portion 534 is provided with a first
interlocking concave portion (recess) 536 1n which the first
interlocking convex portion (projection) 511 formed on the
outer peripheral surface of the first hub portion 51 1s fittable
or positioned. The second hub fitting portion 535 1s provided
with a second interlocking concave portion (recess) 337 in
which the second interlocking convex portion (projection)
521 formed on the outer peripheral surface of the second hub
portion 52 1s {ittable or positioned.

The first casing 331 and the second casing 332 are
provided with a first interlocking hook 538 and the second
interlocking stepped portion 539 which are interlocked with
cach other so as to perform hooking (mechanical connec-
tion), by overlapping the outer peripheral surfaces of the
shaft main body portion 22, the first hub portion 51, and the
second hub portion 52 such that the outer peripheral surfaces
are 1mterposed from both sides. The first casing 531 and the
second casing 532 overlap each other. In this manner, the
interlocking hook 3538 i1s temporarily bent and, then, is
hooked into the imterlocking stepped portion 539, and the
first casing 331 and the second casing 532 are interlocked
with each other. The first casing 331 and the second casing
532 may alternatively be bonded with an adhesive or
through heat-welding without using a mechanical structure
such as the interlocking hook 538 and the interlocking
stepped portion 539.

When the first casing 531 and the second casing 532 are
interlocked with each other 1n a state 1n which the first
interlocking convex portion 511 of the first hub portion 51
1s fitted 1n the first interlocking concave portion 536, and the
second 1nterlocking convex portion 521 of the second hub
portion 32 1s fitted in the second interlocking concave
portion 537, the first hub portion 51 and the second hub
portion 32 are fixed to the hub casing 53 so as not to be
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dropped off (1.e., the first hub portion 51 and the second hub
portion 352 are fixed to the hub casing 33 so that the first and

second hub portions 51, 52 do not become separated from
the hub casing 53). The first hub portion 51 and the hub
casing 53 may also be bonded with an adhesive or through
heat-welding without using a mechanical structure such as
the first interlocking convex portion 511 and the first inter-
locking concave portion 536. The second hub portion 52 and
the hub casing 53 may also be bonded with an adhesive or
through heat-welding without using a mechanical structure
such as the second interlocking convex portion 521 and the
second 1nterlocking concave portion 537.

The shaft main body portion 22 1s bifurcated into the first
shaft proximal portion 222 and the second shaft proximal
portion 223 from the intermediate shaft portion 221 in the
proximal direction 1n a region which 1s positioned 1nside the
hub Casmg 53. Therefore, the first pipe body 61 and the
second pipe body 62 are not bonded to each other in this
region, and thereby the first shaft proximal portion 222 and
the second shait proximal portion 223 having rigidity lower
than that of the intermediate shaft portion 221 are not
positioned out of the hub casing 53 and are capable of
exhibiting high pushing performance. That 1s, 1t 15 possible
to reliably hold the bifurcated region of the proximal portion
of the shaft main body portion 22 inside the hub casing 53.
Therefore, a bifurcated portion of the shaft main body
portion 22, which has relatively low rigidity, 1s not posi-
tioned on the distal side from the hub casing 53 (i.e., does
not project distally beyond the distal end of the hub casing).
In this manner, the shaft main body portion 22 can exhibit
high pushing performance, and so it 1s possible to reduce an
occurrence of kinking, and it 1s also possible to reduce an
occurrence of attachment or the like of thrombus in a
recessed portion of the bifurcated portion.

In a case where, 1n the hub casing 33, with an axis line
(central axis) X of the proximal portion of the shait main
body portion 22 as a reference line, 01 represents the
inclination of a central axis Y1 of the first hub portion 51
with respect to the reference line X, and 02 represents the
inclination of a central axis Y2 of the second hub portion 52
with respect to the reference line X, 1t 1s preferable that the
following expression (1) 1s satisfied.

01[>102] Expression (1)

When the inclination 01| of the first hub portion 51 1s
significantly large, unevenness in rotation for an image 1s
likely to occur due to friction between the drive shaft 42 and
the first shait proximal portion 222. In addition, when the
imaging core 4 1s pulled back, disconnection or unevenness
in 1mage 1s likely to occur due to jumping by disorder 1n the
movement of the imaging core 4. Therefore, it 1s preferable
that the inclination (011 1s an angle selected so that the
rotational unevenness, disconnection, jumping, or the like
do not occur in the 1imaging core 4.

When the inclination 102| of the second hub portion 52 1s
51gmﬁcantly large, there 1s a possibility that operability of
the guide wire W may be degraded due to friction between
the guide wire W and the second shait proximal portion 223.

Therefore, in consideration of such points described
above, there may be a preference for |011=0, 102|=0. That 1s,
there may be a preference for the angle |011 to be nearly
equal to zero and for the angle |02| to be nearly equal to zero.
However, the smaller the number of the angular difference
|01-02| between the central axis Y1 of the first hub portion
51 and the central axis Y2 of the hub portion 52, the further
the operation of the guide wire W by an operator interferes
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with the external drive device 7. Hence, it 1s preferable that
the value of 001-02| 1s as large as possible.

In addition, since the rigidity of the gmde wire W 1s
normally much higher than the rigidity of the drive shait 42,
preferably, 102|=0. That 1s, the angle 102| should preferably
be nearly zero. Taking into account these factors, in the
disclosed embodiment of the medical device, 1682|=0, and
1611>0.

The drive shatt 1s typically disposed so as not to be bent
in the hub 1n general. But in the medical device here, the
drive shaft 42 1s disposed to be bent 1n the hub 5 1n the
embodiment. The drive shaft 42 1s configured to transmit a
drive force while being bent 1n the blood vessel, and thus 1t
1s possible to allow the drive shaft to be bent 1in the hub 5.
Since the first shaft proximal portion 222, which 1s provided
with the 1image acquiring lumen 25 that accommodates the
drive shait 42, extends 1n a bent configuration so as to be
interlocked with the first hub portion 51 in the hub casing 53,
it 1s possible to appropnately hold a position of the drive
shaft 42 that rotates 1n the hub casing 53. In other words, 11
the drive shait 42 extended within or 1s accommodated
within a certain wide space 1n the hub casing 53 without
being accommodated 1n the first shaft proximal portion 222,
the drive shaft 42 may be distorted due to reuprocatlon of
the drive shait 42, and the distortion can result 1n sliding
tailure. However, 1n the described embodiment representmg
one example of the medical device disclosed here, since the
drive shait 42 1s held by the first shaft proximal portion 222
in the hub casing 53, the distortione*sliding failure of the
drive shait 42 1s unlikely to occur in the hub casing 53, and
thus 1t 1s possible to acquire a good-quality 1mage.

In addition, since the second shaft proximal portion 223,
which 1s provided with the guide wire lumen 26 that
accommodates the guide wire W, 1s interlocked with the
second hub portion 52 in the hub casing 53, it 1s possible to
appropriately hold a position of the guide wire W 1n the hub
casing 53. Therefore, similar to the drive shaft 42 that 1s held
in the atorementioned first shaft proximal portion 222 such
that the distortionesliding failure 1s unlikely to occur,
distortion*sliding failure of the guide wire W 1s unlikely to
occur 1n the hub casing 53, and thus 1t 1s possible to achieve
a high-quality operation of the guide wire W.

In a modification example illustrated in FIG. 7, the
medical device 1s configured to satislty a relationship of
1021>0, while Expression (1) 1s satisfied. In the example 1n
FIG. 7, a direction of the inclination 61 of the central axis
Y1 of the first hub portion 51 with respect to the reference
line X 1s an opposite direction to a direction of the inclina-
tion 02 of the central axis X of the second hub portion 52
with respect to the reference line X. In other words, 1n a case
where the direction of the inclination of 01 i1s defined as a
plus, the direction of the inclination of 02 1s defined as a
minus. In this configuration, it 1s possible to increase 02—
01! as much as possible, while 101 and 02| are as small as
possible. In this manner, while the bending of the drive shaft
42 and the gmide wire W 1s reduced as much as possible, the
angle between the drive shait 42 and the guide wire W
increases, and 1t 1s possible to reduce the interference
between motion of the external drive device 7 and an
operation of the guide wire W as much as possible.

The iclination 1011 of the first hub portion 51 is prefer-
ably 90° or smaller, more preferably, 70° or smaller, and still
more preferably, 55° or smaller. The inclination 102 of the
second connector 1s preferably 90° or smaller, more prefer-
ably, 40° or smaller, and still more preferably, 10° or smaller.

The angle |02-01| between the first hub portion 51 and
the second hub portion 52 1s preferably 10° or larger, more
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preferably, 55° or larger, and still more preferably, 130° or
larger. When the angle [02-011 1s too small, the interterence
of the motion of the external drive device 7 with an
operation of the guide wire W occurs.

It 1s preferable that the first shait proximal portion 222 and
the second shaft proximal portion 223 which are bent 1n the
hub casing 53 are not bent so as to be locally crooked or
kinked, but form a curve having curvature 1n a certain range
such that rotation or movement 1n the axial direction of the
drive shait 42 and the guide wire W 1s not inhibited. The
minimum curvature radius R1 of the first shait proximal
portion 222 in the hub casing 53 is preferably 5 mm or
larger, more preferably, 50 mm or larger, and still more
preferably, 100 mm or larger. The minimum curvature radius
R2 of the second shait proximal portion 223 in the hub
casing 53 i1s preferably 5 mm or larger, more preferably, 50
mm or larger, and still more preferably, 100 mm or larger.

As 1illustrated 1 FIG. 1, the first anti-kink protector 54
surrounds the distal portion of the hub casing 33 and the
shaft main body portion 22 that 1s guided to exit from the
hub casing 53 1n the distal direction and reduces an occur-
rence ol kinking of the shait main body portion 22.

There 1s no particular limitation on constituent materials
of the first hub portion 51, the second hub portion 52, the hub
casing 33, the tube 32, the inner tube 34, the umit connector
377, and the operation proximal portion 31, and examples
thereol include various types of resins such as polyvinyl
chloride, polyethylene, polypropylene, cyclic polyolefin,
polystyrene, poly-(4-methylpentene-1), polycarbonate,
acrylic resin, acrylonitrile-butadiene-styrene copolymer,
polyester such as polyethylene terephthalate or polyethylene
naphthalate, butadiene-styrene copolymer, or polyamide
(for example, nylon 6, nylon 6.6, nylon 6.10, or nylon 12).

As 1llustrated 1n FIG. 8, the medical device 1 described
above 1 1s connected to the external drive device 7 so as to
be driven. The external drive device 7 includes, on a base 75,
a drive umt 71 in which an external drive source such as a
motor 1s installed and which rotationally drives the drive
shaft 42, moving means 72 that grips the drive unit 71 and
causes the drive unit to move 1n the axial direction by a
motor or the like (1.e., the moving means 72 can include a
motor), and a holding portion 73 that holds a part of the
medical device 1 1n a position fixing manner. The external
drive device 7 1s connected to a control unit 79 that controls
the drive unit 71 and the moving means 72, and an 1mage
obtained by the transducer unit 41 1s displayed on a display
unit 78 connected to the control unit 79.

The moving means 72 i1s a transier mechanism that 1s
configured to grip and {ix the drive unit 71 and causes the
gripped drive unit 71 to move forward and backward along
a groove rail 76 on the base 75.

The drive unit 71 includes a driving female connector 711
to which the hub-side connector 313 of the medical device
1 1s connectable, and a joint connection section 712 that 1s
connectable to a joint 312 of the medical device 1, and 1t 1s
possible to transmit and receive a signal to and from the
transducer unit 41 through the connection, and 1t 1s possible
to rotate the drive shait 42.

As 1llustrated 1n FIGS. 8 and 9, ultrasonic scanning in the
medical device 1 1s performed when the moving means 72
1s caused to move 1n the axial direction such that rotary
motion of the motor 1n the drive unit 71 1s transmitted to the
drive shaft 42, and the housing 412 fixed at the distal end of
the drive shaft 42 rotates. In this manner, the ultrasound
transducer 411 provided in the housing 412 moves and
rotates 1n a longitudinal direction thereof, and it 1s possible
to perform scanning in a substantially radial direction with
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ultrasound waves that are transmitted and received by the
ultrasound transducer 411. In this manner, it 1s possible to
acquire a 360°-cross-sectional 1image of surrounding tissue
to any position 1n the axial direction 1n the blood vessel 1n
a scanning mannetr.

Next, referring to FIG. 10, a method for manufacturing
the medical device 1 according to a disclosed embodiment
representing an example of the inventive manufacturing
method, will be described.

First, through a known extrusion molding method, a first
pipe body (tube) 61 1s molded on the outer periphery of a
first core bar 101, and a second pipe body (tube) 62 1is
molded on the outer periphery of a second core bar 102.
Next, as 1llustrated 1n FIG. 10, both ends of the first core bar
101 are fixed to a first stretching chuck 103, and both ends
of the second core bar 102 are fixed to a second stretching
chuck 104. Then, the first stretching chuck 103 and the
second stretching chuck 104 are pulled such that a tensile
force of a load which 1s heavier to some extent than that of
a yield point of the first pipe body 61 and the second pipe
body 62 1s applied to the first pipe body 61 and the second
pipe body 62. In this manner, the first pipe body 61 and the
second pipe body 62 are linearly stretched to some extent
and have a stable shape (linear process).

Next, the first pipe body 61 and the second pipe body 62
are covered with a heat shrinkable tube 105 having a
diameter that decreases when heat 1s applied. Next, a heating
unit 106 such as a heater 1s caused to approach the outer
periphery of the first pipe body 61 and the second pipe body
62 and 1s disposed at a position that 1s away from (spaced
from) one end side by a predetermined length L (for
example, 30 mm). Then, while the heating unit 106 performs
heating, the heating unit 1s caused to move to the other end
as shown by the outline arrow next to the heating umt 106
in FIG. 10. In this manner, the heat shrinkable tube 105
shrinks such that the first pipe body 61 and the second pipe
body 62 are pressed against each other and heat-welded so
as to have an integral, one-piece, unitary structure (heat-
welding process). The larger the stretching amount of the
first stretching chuck 103 and the second stretching chuck
104, the smaller the outer diameters and the inner diameters
of regions of the first pipe body 61 and the second pipe body
62 which are heated. Therefore, control of the stretching
amount and a moving speed of the heating unit 106 enables
the pipe bodies to have the outer diameters and the inner
diameters which are different depending on a position 1n the
axial direction.

As an example, while the first core bar 101 and the second
core bar 102 are stretched by the first stretching chuck 103
and the second stretching chuck 104, the heating unit 106 1s
caused to move along the first pipe body 61 and the second
pipe body 62 such that the first pipe body 61 and the second
pipe body 62 are heat-welded together. In this manner, 1t 1s
possible to form the shaft main body portion 22 having an
outer diameter and an 1nner diameter that decrease such that
the main body portion has a tapered shape in the distal
direction.

In addition, as another example, while the second core bar
102 1s stretched by the second stretching chuck 104 without
stretching the first core bar 101, the heating unit 106 1s
caused to move such that the first pipe body 61 and the
second pipe body 62 are heat-welded. In this manner, 1t 1s
possible to form the shaft main body portion 22 having an
outer diameter and an inner diameter on the second pipe
body 62 side that decrease such that the main body portion
has a tapered shape 1n the distal direction, and 1t 1s possible
to form the shaft main body portion 22 having an outer
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diameter and an 1nner diameter on the first pipe body 61 side
that 1s constant 1n the axial direction.

As described above, while the stretching amounts of the
first core bar 101 and the second core bar 102 are adjusted,
the heating unit 106 1s caused to move such that the
heat-welding 1s performed. In this manner, without using a
metal wire having a certain rigidity, or joining or combining
different matenals, 1t 1s possible to relatively easily impart
desired physical properties to the shaft main body portion
22. In other words, the first pipe body 61 and the second pipe
body 62 are heat-welded so as to form the shait main body
portion 22 having a double-lumen structure, and thereby 1t
1s dificult to impart desired physical properties without
adding another member and changing the outer diameter.
However, since 1t 1s possible to rather easily change the outer
diameter and the mnner diameter, it 1s less necessary to add
the other member and it 1s possible to impart the desired
physical properties without any problems.

Next, when the heating by the heating unit 106 1s stopped
and the first stretching chuck 103 and the second stretching
chuck 104 are further pulled, the first core bar 101 and the
second core bar 102 are further stretched and the diameter
decreases, and the first core bar 101 and the second core bar
102 are separated from inner peripheral surfaces of the first
pipe body 61 and the second pipe body 62 and are broken.
Then, the first core bar 101 and the second core bar 102 are
detached from the first stretching chuck 103 and the second
stretching chuck 104, and the first core bar 101 and the
second core bar 102 are pulled out from the first pipe body
61 and the second pipe body 62 (stretching/removing pro-
cess). Then, the heat shrinkable tube 105 1s removed, and the
shaft main body portion 22 1s formed 1n a region having a
length L that 1s not heated, while the remaining region of the
first pipe body 61 and the second pipe body 62 1s heat-
welded or partially heat-welded 1n the axial direction. The
region of the first pipe body 61 that 1s not heated 1s the first
shaft proximal portion 222, the region of the second pipe
body 62 that 1s not heated 1s the second shaft proximal
portion 223, and the region of the first pipe body 61 and the
second pipe body 62 that 1s heated and heat-welded 1s the
intermediate shaft portion 221. As shown i FIG. 4, the
regions of the first and second pipe bodies 61, 62 that are not
heated represent the bifurcated first and second shait proxi-
mal portions 222, 223, while the regions of the first and
second pipe bodies 61, 62 that are heated are not bifurcated
and are connected or heat-welded (integrated) together. The
non-bifurcated part 1s immediately adjacent the bifurcated
first and second shaft proximal portions 222, 223.

It 1s possible to perform, 1n a series of operations, the
linear process of temporary stretching by the first core bar
101 and the second core bar 102, the heat-welding process
by the heating unit 106, and the stretching/removing process
of stretching the first core bar 101 and the second core bar
102 until the core bars are broken and removing the core
bars from the first pipe body 61 and the second pipe body 62,
and thus 1t 1s possible to efliciently manufacture the inter-
mediate shaft portion 221 having a desired outer diameter
and inner diameter.

Then, the first hub portion 51 1s interlocked with the first
shaft proximal portion 222 1n an airtight manner and the
second hub portion 52 i1s iterlocked with the second shait
proximal portion 223 1n an airtight manner.

Next, as 1llustrated in FIG. 11, 1n a state in which the first
interlocking convex portion 511 of the first hub portion 51
1s fitted 1n the first interlocking concave portion 536 of the
first casing 531, and the second interlocking convex portion
521 of the second hub portion 52 is fitted in the second
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interlocking concave portion 537 of the first casing 531, the
interlocking hook 538 1s interlocked with the interlocking
stepped portion 539 such that the first casing 531 and the
second casing 532 are interlocked with each other. Then, as
illustrated 1n FIG. 12, the first anti-kink protector 54 1is
attached to surround the distal portion of the hub casing 53
and the shait main body portion 22 that 1s gmided to exit from
the hub casing 53 in the distal direction.

When the hub casing 33 1s attached to the first hub portion
51 and the second hub portion 52, the first hub portion 51
and the second hub portion 52 are fixed to the hub casing 53
so as not to be dropped ofl or separated from the hub casing
53. In addition, since the first shaft proximal portion 222 1s
interlocked with the first hub portion 51 1 an airtight
manner, and the second shaft proximal portion 223 1s
interlocked with the second hub portion 52 1n an airtight
manner, 1t 1s unnecessary to use the airtight structure in the
hub casing 53, and thus 1t 1s possible to simplily a configu-
ration of the hub casing 33. Further, since the first casing 531
and the second casing 532 are configured to have the split
type structure so as to interpose the outer peripheral surfaces
of the shaft main body portion 22, the first hub portion 51,
and the second hub portion 52 from both sides, it 1s possible
to easily cover the hub casing 53 1n a state 1n which the first
hub portion 51 and the second hub portion 52 are interlocked
with the shaft main body portion 22. At this time, the hub
casing 53 has the split type structure, and thereby 1t 1s rather
casy to position the bifurcated portion of the shaft main body
portion 22 inside the hub casing 53, and 1t 1s fairly easy to
dispose the first hub portion 51 and the second hub portion
52 at a predetermined angle and to {ix the hub portions to the
hub casing 53. In other words, 1n a case where the hub casing
1s not split, the first shaft proximal portion 222 and the
second shaft proximal portion 223 need to be inserted into
an opening portion of the hub casing on the distal side, to
move 1 two different bifurcating directions in the hub
casing 33, and to be gmded to exit to another opening
portion on the proximal side 1n a state 1n which the first hub
portion 51 and the second hub portion 52 are not interlocked
with each other. In this manner, 1t 1s difficult to perform
work. In order to perform work of interlocking the first hub
portion 51 and the second hub portion 52 with the first shaft
proximal portion 222 and the second shait proximal portion
223 which are guided to exit from the opeming portion on the
proximal side, the first shaft proximal portion 222 and the
second shait proximal portion 223 temporarily need to be
guided to exit from the hub casing in the proximal direction
by a length longer than necessary. Therefore, when a region
(the first shaft proximal portion 222 and the second shaft
proximal portion 223), in which the shaft main body portion
22 15 to be bifurcated, needs to be longer than necessary, the
hub casing 1s pushed such that the shait main body portion
22 moves to an appropriate position after the first hub
portion 51 and the second hub portion 32 are interlocked
with each other, there 1s a high possibility that the bitfurcated
portion of the shait main body portion 22 reaches a position
on the distal side from the hub casing 53. By comparison, 1n
the embodiment, the hub casing 33 has the split type
structure, and thereby 1t 1s easy to position the bifurcated
portion of the shaft main body portion 22, which has rigidity
that locally changes, inside the hub casing 53. In this
manner, the shait main body portion 22 can exhibit high
pushing performance, thus, it 1s possible to reduce an
occurrence of a kink, and 1t 1s possible to reduce an
occurrence of attachment or the like of thrombus 1n a
recessed portion of the bifurcated portion.
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Then, while the shaft distal portion 21 and the distal tip 23
are heat-welded to the shait main body portion 22 on the
distal side, and the imaging core 4 is 1nserted into the image
acquiring lumen 25 from the first hub portion 51, the
operation unit 3 1s mterlocked with the first hub portion 51
and the manufacturing of the medical device 1 1s completed.

Next, an operation performed when biological tissue from
a body lumen of the blood vessel or the like 1s observed by
using the medical device 1 according to the embodiment wall
be described.

First, before the shaft portion 2 of the medical device 1 1s
inserted to the lumen, a priming operation of filling the
medical device 1 with saline 1s performed. The priming
operation enables the ultrasound waves to be transmitted
from the ultrasound transducer 411, and air 1n the medical
device 1 1s removed such that air 1s prevented from entering
the lumen of the blood vessel or the like.

As 1llustrated i FIGS. 9 and 13, in order to perform the
priming, 1n a state 1 which the operation proximal portion
31 1s most tensioned to the proximal side from the unit
connector 37, that 1s, 1n a state 1n which the inner tube 34 1s
tensioned from the outer tube 32 to the greatest extent, the
saline 1s 1njected, by using a syringe or the like, via an
instrument that includes a tube (not illustrated) and a three-
way stopcock (not illustrated) which are connected to the
port 311 of the operation proximal portion 31. The mjected
saline fills the 1mage acquiring lumen 25 through the first
hub portion 51 from the operation proximal portion 31. The
saline 1 the image acquiring lumen 25 flows into the
common lumen 27, and further flows into the guide wire
lumen 26 from the common lumen 27. When the guide wire
lumen 26 1s filled with the saline, the saline flows out from
the opening portion of the second hub portion 52. When the
saline 1s further 1njected after checking of the flowing-out of
the saline from the opening portion of the second hub
portion 52, the common lumen 27 1s filled with the saline
and the saline flows out from the distal opening portion 28.
In this manner, the filling of the saline 1s checked, and the
priming 1s completed. The saline flows out from the distal
opening portion 28 before the saline flows out from the
second hub portion 32 1n some cases. As described above,
since the i1mage acquiring lumen 25 and the guide wire
lumen 26 converge 1n the common lumen 27, it 1s possible
to perform priming of both of the 1mage acquiring lumen 25
and the guide wire lumen 26 by the 1njection at once from
one side and high operability 1s achieved. That 1s, priming of
both the image acquiring lumen 25 and the guide wire lumen
26 can be accomplished by injecting saline at a single
location (e.g., a location 1n communication with the image
acquiring lumen 23). In addition, the flowing-out of the
saline from the second hub portion 52 and the distal opening
portion 28 1s checked, and thereby it 1s possible to reliably
perform the priming. The priming operation enables the air
in the medical device 1 to be removed, and it 1s possible to
prevent air from entering the lumen. Note that 1t 1s possible
to perform the priming 1n a state 1n which the transducer unit
41 1s caused to move 1n the common lumen 27.

In addition, the priming may be performed from the
second hub portion 52 of the proximal portion of the guide
wire lumen 26. In this case, the saline 1s injected by using a
syringe or the like via an instrument that includes a tube and
a three-way stopcock (not 1illustrated) which are connected
to the second hub portion 52. The 1njected saline fills the
guide wire lumen 26 through the second hub portion 52. The
saline flowing in the guide wire lumen 26 flows into the
common lumen 27, the common lumen 27 1s filled with the
saline, and then the saline flows out from the distal opening
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portion 28. In this manner, the filling of the saline 1s
checked, and the priming 1s completed. As described above,
the priming 1s not only performed 1n the 1mage acquiring
lumen 25, but also can be performed 1n the common lumen
27 by using the guide wire lumen 26. In a case where the
priming 1s performed from the guide wire lumen 26, a
pressure loss 1s less than that in a case where the priming 1s
performed from the image acquiring lumen 25 1n which the
drive shaft 42 1s present, thus it 1s possible to easily perform
the priming with little force, and the high operability 1s
achieved.

Because the 1image acquiring lumen 23 has high pressure
loss with the presence of the drive shaft 42, the priming 1s
not necessarily limited to complete priming from the guide
wire lumen 26 side; however, when the medical device 1 1s
used, pressure 1s applied from the distal opening portion 28
side of the common lumen 27, the air 1n the 1mage acquiring
lumen 25 moves to the proximal side, and thus the state 1s
considered that no problem arises. When the priming 1S
performed from the second hub portion 52 1n a state in which
the distal opening portion 28 1s closed, the saline ﬂowmg n
the common lumen 27 flows nto the Image acqumng lumen
235, and thus 1t 1s possﬂ:)le to perform the priming of the guide
wire lumen 26 and the image acquiring lumen 25 at once
from the guide wire lumen 26 side.

Next, as illustrated in FIG. 8, the medical device 1 1s
interlocked with the external drive device 7 that 1s covered
with a sterilized bag (not i1llustrated) made of polyethylene.
In other words, the joint 312 of the operation proximal
portion 31 of the medical device 1 1s connected to the joint
connection section 712 of the drive unit 71. In this manner,
it 1s possible to transmit and receive a signal between the
transducer unit 41 and the external drive device 7, and 1t 1s
possible to rotate the drive shait 42. When the unit connector
37 1s fitted into the holding portion 73, the connection 1s
completed.

Next, the guide wire W 1s mserted into the blood vessel
via a sheath that 1s percutaneously inserted into the blood
vessel through Seldinger method. Then, the proximal por-
tion of the gmide wire W 1s 1nserted from the distal opening,
portion 28 of the medical device 1, and 1s inserted 1nto the
guide wire lumen 26 via the common lumen 27. As 1llus-
trated 1n FI1G. 14, since the imaging core 4 1s not positioned
in the common lumen 27, 1t 1s possible to reduce damage to
the 1imaging core 4, and the movement of the guide wire W
1s not ihibited. In addition, since the first pipe body 61 and
the second pipe body 62 have different colors and have
transparency to the extent that the inside can be observed, it
1s possible to insert the guide wire W 1nto the guide wire
lumen 26 without inserting 1nto the image acquiring lumen
25 from the common lumen 27 while the 1nside of the shaft
portion 2 1s observed after the guide wire 1s inserted from the
distal opening portion 28 formed 1n the distal tip 23. When
the guide wire W 1nserted from the distal opening portion 28
1s 1nserted to the guide wire lumen 26 from the common
lumen 27, the shait portion 1s distorted, and thereby it 1s
possible for the guide wire W not to move into the 1mage
acquiring lumen 25 but to move toward the guide wire W.
That 1s, by virtue of the configuration of the guide wire
lumen 26 and the 1image acquiring lumen 25, it 1s easier for
the guide wire W 1nserted through the distal opening portion
28 to enter the guide wire lumen 26 than 1t 1s to enter the
image acquiring lumen 23.

After the guide wire W 1s guided to exit from the first hub
portion 51 on the proximal side, the medical device 1 1s
pushed forward along the guide wire W, and the distal
portion of the medical device 1 1s disposed on a rear side
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(distal side) from the target lesion to be observed. At this
time, since the first hub portion 51 and the second hub
portion 52 extend 1n different directions, 1t 1s possible for the
operator to operate the guide wire W without interfering
with the operation unit 3 or the external drive device 7. In
addition, since the guide wire lumen 26 1s opened 1n the
second hub portion 52 on the hand side, 1t 1s possible to
rather easily mterchange the guide wire W without wetting
the wire with the blood leaking from the sheath. Therefore,
the guide wire W having a desired load*shape 1s used (e.g.,
a guide wire having a thickness that provides the desired
pushing force and having a desired tip angle shape), and
thereby 1t 1s possible to cause the medical device 1 to
ciliciently reach a deep portlon of a complex reglon In
addition, since the guide wire lumen 26 1s opened in the
second hub portion 52 on the hand side, it 1s possible to
supply a contrast agent or medicine via the guide wire lumen
26 and to release the contrast agent or medicine to a living
body from the distal opening portion 28.

Next, as illustrated 1n FIG. 15, while the shaft portion 2
1s held not to be moved 1n the blood vessel, the guide wire
W 1s caused to move 1n the proximal direction until the distal
end of the guide wire W 1s accommodated 1n the guide wire
lumen 26. At this time, the guide wire W may be completely
pulled out from the guide wire lumen 26. Even when the
guide wire W 1s completely pulled out from the guide wire
lumen 26, the guide wire lumen 26 1s opened 1n the second
hub portion 52 1n the hand side, and thus 1t 1s possible to
insert the guide wire W again.

In this state, the drive unit 71 moves to the distal side
along the groove rail 76 on the base 75 (refer to FIG. 8)
while the shaft portion 2 1s held (1.e., noted moved). In this
manner, the operation proximal portion 31 1s caused to move
to the distal side and enters a state 1n which the inner tube
34 is pushed into the outer tube 32 to the greatest extent. In
this manner, as illustrated in FIG. 16, the imaging core 4
moves to the distal side of the common lumen 27. That 1s,
the 1maging core 4 moves to a position distal of the distal-
most end of the image acquiring lumen 25 as shown 1n FIG.
14. At this time, since the guide wire W 1s not positioned 1n
the common lumen 27, it 1s possible to reduce damage to the
imaging core 4, and the motion of the 1imaging core 4 1s not
inhibited by the guide wire W.

Next, as illustrated in FIGS. 9 and 17, the drive shaft 42
1s pulled back while the drive shait 42 1s rotated by the drive
unit 71. In this manner, the ultrasound transducer 411 1s
caused to move toward the proximal side from the target
lesion 1n the axial direction while the radial scanning is
performed by the ultrasound transducer 411, and thus
images ol biological tissue including the target lesion are
acquired 1n the axial direction of the lumen. At this time,
since the drive shatft 42 i1s curved 1n the hub 5, but 1s curved
in a certain extent or controlled manner without an influence
on the rotation, 1t 1s possible to acquire stable 1mage without
having the rotation unevenness or the jumping.

Then, the medical device 1 1s pulled out from the blood
vessel, and then the operation of the medical device 1 1s
completed.

As described above, in the medical device 1 according to
the embodiment, the first hub portion 51 1s interlocked, in
the airtight manner, with the first shaft proximal portion 222
in which the drive shait 42 1s accommodated and the second
hub portion 52 1s imnterlocked, 1n the airtight manner, with the
second shait proximal portion 223 into which the gmide wire
W 1s inserted, and the first hub portion 51 and the second hub
portion 52 are collectively covered with the hub casing 53.
Therefore, it 1s fairly easy to interchange the gmide wire W
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on the front side of the operator, 1n a state in which the
medical device 1 1s mserted into the living body, and thus 1t
1s possible to release the contrast agent, medicine, or the like
to a living body from the distal opening portion 28 via the
guide wire lumen 26. When 1t 1s possible to interchange the
guide wire W, 1t 1s possible to use a guide wire W having a
desired loade*shape, and thereby 1t 1s possible to cause the
medical device 1 to efliciently reach the deep portion of the
complex region. In addition, since the first shaft proximal
portion 222 of the shaft main body portion 22 1s directly
interlocked with the first hub portion 51, the distortion or
sliding failure of the drive shaft 42 1n the hub casing 33 1s
unlikely to occur, and thus it 1s possible to acquire a
good-quality 1mage. In addition, since the second shaft
proximal portion 223 of the shaft main body portion 22 1s
directly interlocked with the second hub portion 52, the
distortion or the shiding failure of the guide wire W 1s
unlikely to occur 1n the hub casing 53, and thus 1t 1s possible
to achieve a high-quality operation of the guide wire W. In
addition, since the first hub portion 51 1s interlocked with the
first shaft proximal portion 222 in the airtight manner, and
the second hub portion 52 is imterlocked with the second
shaft proximal portion 223 1n the airtight manner, the hub
casing 53 that collectively covers the first shaft proximal
portion 222, the second shaft proximal portion 223, the first
hub portion 51, and the second hub portion 52 does not need
to have the sealing performance, but can have a simplified
configuration, and can realize simplification in the manu-
facturing process or reduction 1n costs.

In addition, since the shait main body portion 22 1s
provided with two longitudinally extending and side-by-side
regions havmg different colors, one region of one color in
which the 1mage acquiring lumen 25 1s provided and the
other region of a different color in which the gmde wire
lumen 26 1s provided, it 1s possible to rather easily visually
discriminate between the 1image acquiring lumen 23 and the
guide wire lumen 26, and 1t 1s easy to insert the guide wire
W into the guide wire lumen 26 when the guide wire W 1s
inserted into the guide wire lumen 26 from the distal opening
portion 28 of the shaft distal portion 21 on the distal side.

In addition, 1n a case where the axis line (central axis) of
the shatft main body portion 22 1n the distal portion of the
hub casing 53 1s set to the reference line X, 01 represents the
inclination of the central axis Y1 of the first hub portion 51
with respect to the reference line X, and 02 represents the
inclination of the central axis Y2 of the second hub portion
52 with respect to the reference line X, the relationship of
1011>1021 1s satisfied. Theretfore, even 1n the over-the-wire
structure 1n which the opening portions of the guide wire
lumen 26 and the image acquiring lumen 25 on the proximal
side are provided in the same hub 5, the first hub portion 51
and the second hub portion 52 are formed in the different
directions. Therefore, 1t 1s possible to maintain the high
operability without the interference of the motion of the
drive shaft 42 and the transducer unit 41 (imaging unit) via
the image acquiring lumen 25 with the operation of the guide
wire W via the guide wire lumen 26. In addition, the
relationship of 101/>102] 1s satisfied, and thereby 1t 1s pos-
sible to maintain the operability of the guide wire W
normally having rigidity higher than that of the drive shaft
42, to the highest extent.

In addition, the hub casing 53 i1s configured to have the
split type structure so as to interpose the outer peripheral
surfaces of the first hub portion 51 and the second hub
portion 52 from both sides, and thus 1t 1s possible to
relatively easily dispose, inside the hub casing 33, the first
hub portion 351 and the second hub portion 52 which are
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inclined in different directions, with the shaft main body
portion 22. Since 1t 1s possible to fairly easily dispose the
first hub portion 51, the second hub portion 52, and the shaft
main body portion 22 1nside the hub casing 53, it 1s possible
to reliably hold the biturcated region of the proximal portion
of the shaft main body portion 22 inside the hub casing 53.
Therefore, a bifurcated portion of the shaft main body
portion 22, which has relatively low rigidity, 1s not posi-
tioned on the distal side from the hub casing 53. In this
manner, 1t 1s possible to exhibit high pushing performance,
it 1s possible to reduce an occurrence of a kink, and it 1s
possible to reduce an occurrence of attachment or the like of
thrombus 1n a recessed portion of the bifurcated portion.

In addition, When the direction of the inclination of the
central axis Y1 of the first hub portion 51 with respect to the
reference line X 1s the opposite direction to the direction of
the inclination of the central axis Y2 of the second hub
portion 32 with respect to the reference line X, the angle
between the drive shaft 42 and the guide wire W increases
while the bending of the drive shait 42 and the guide wire
W 1s reduced as much as possible, and thus it 1s possible to
reduce an occurrence of interference of motion of the
transducer unit 41 (1maging unit) via the image acquiring
lumen 25 with the operation of the guide wire W via the
guide wire lumen 26, as much as possible.

The present invention 1s not limited to the embodiment
described above, and 1t 1s possible for those skilled 1n the art
to perform various modifications within the technical ideas
of the present mvention. For example, 1n the embodiment
described above, a case 1n which the present invention is
applied to the ultrasound catheter 1s described, but it 1s also
possible to apply the invention to a device that acquires
images by using beams, such as an optical coherence tomog-
raphy (OCT) diagnostic apparatus or an optical frequency
domain imaging (OFDI) diagnostic apparatus.

What 1s claimed 1s:

1. A medical device insertable into a body lumen to

acquire 1mages, the medical device comprising:

a shaift maimn body portion formed as a double-lumen
structure comprised of an 1mage acquiring lumen and a
guide wire lumen for receiving a guide wire, the shaift
main body portion possessing a distal end and a proxi-
mal end, both the 1mage acquiring lumen and the guide
wire lumen extending from the distal end of the shaft
main body portion to the proximal end of the shait main
body portion;

a proximal portion of the shait main body portion adjacent
the proximal end of the shaft main body portion com-
prising a first shait proximal portion 1n which a portion
of the image acquiring lumen 1s disposed, and a second
shaft proximal portion 1n which a portion of the guide
wire lumen 1s disposed, the first shait proximal portion
and the second shaft proximal portion being bifurcated;

a shaft distal portion positioned distal of the shait main
body portion, the shaft distal portion including a com-
mon lumen 1n which the image acquiring lumen and the
guide wire lumen converge;

a first hub portion interlocked with the first shait proximal
portion 1n an airtight manner;

a second hub portion interlocked with the second shait
proximal portion 1n an airtight manner;

a hub casing collectively covering at least a part of the
first shaft proximal portion, at least a part of the second
shaft proximal portion, at least a part of the first hub
portion, and at least a part of the second hub portion;
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a drive shaft positionable 1n the 1mage acquiring lumen of
the shaft main body portion and movable 1n a rotating
direction and an axial direction 1n the 1mage acquiring
lumen; and

an 1maging unit configured to acquire 1mage information
in the body lumen and fixed to a distal end of the drive
shaft so that movement of the drive shaift in the rotating
direction and the axial direction results in movement of
the 1maging unit in the rotating direction and the axial
direction respectively to axially move and rotate the
imaging unit in the common lumen.

2. The medical device according to claim 1, wherein the
shaft main body portion includes two differently-colored
regions, the two differently-colored regions including one
region of a first color 1n which the 1image acquiring lumen 1s
provided and an other region of a second color diflerent from
the first color in which the guide wire lumen 1s provided.

3. The medical device according to claim 1, wherein a
central axis of the shaft main body portion at a distal end
portion of the hub casing 1s a reference line, 01 represents an
inclination of a central axis of the first hub portion with
respect to the reference line, and 02 represents an inclination
of a central axis of the second hub portion with respect to the
reference line, and wherein a relationship of 1011>[02] 1s
satisiied.

4. The medical device according to claim 1, further
comprising an outer tube fixed to a proximal end of the first
hub portion.

5. The medical device according to claim 1, wherein the
first hub portion 1ncludes a proximal portion that projects
proximally beyond a proximal-most end of the hub casing,
and further comprising an outer tube fixed to the proximal
end of the first hub portion that projects proximally beyond
the proximal-most end of the hub casing.

6. The medical device according to claim 1, wherein the
hub casing 1s fixed to a distal portion of the first hub portion
by a first convex portion that i1s fitted into a first concave
portion, the first convex portion being provided on one of an
exterior of the first hub portion and an interior of the hub
casing, the first concave portion being provided on the other
of the exterior of the first hub portion and the interior of the
hub casing.

7. The medical device according to claim 6, wherein the
hub casing 1s fixed to a distal portion of the second hub
portion by a second convex portion that 1s fitted nto a
second concave portion, the second convex portion being
provided on one of an exterior of the second hub portion and
an 1nterior ol the hub casing, the second concave portion
being provided on the other of the exterior of the second hub
portion and the interior of the hub casing.

8. The medical device according to claim 1, wherein a
proximal portion of the first hub portion 1s exposed outside
the hub casing, and a proximal portion of the second hub
portion 1s exposed outside the hub casing.

9. The medical device according to claim 1, wherein the
hub casing 1s comprised of first and second parts mechani-
cally connected together by a hook on the first part and a
stepped portion on the second part that 1s engaged by the
hook to interlock the first and second parts.

10. An 1image-acquiring medical device insertable mto a
body lumen to acquire 1images inside the body lumen, the
image-acquiring medical device comprising:

a shaft main body portion possessing a distal end at one
end of the shaft main body portion and a proximal end
at an opposite end of the shait main body portion, the
shaft main body including two Ilumens extending
throughout a length of the shait main body portion from
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the distal end of the shaft main body portion to the
proximal end of the shait main body portion, the two
lumens of the shaft main body being separated from
one another along the length of the shaft main body
portion by a wall, the two lumens in the shaft main
body comprising an 1image acquiring lumen and a guide
wire lumen for recerving a guide wire;

a proximal portion of the shaft main body including a first
shaft proximal portion, 1n which a portion of the image
acquiring 1s disposed, and a second shaft proximal
portion, 1n which a portion of the guide wire lumen 1s
disposed, the first shait proximal portion and the sec-
ond shaft proximal portion being bifurcated;

a shaft distal portion connected to the distal end of the
shaft main body, the shait distal portion possessing an
open distal end and an open proximal end, the shaft
distal portion including a lumen that extends from the
open proximal end of the shatt distal portion to the open
distal end of the shait distal portion, the open proximal
end of the shait main body communicating with both
the guide wire lumen and the image acquiring lumen so
that a guide wire 1s guidable along the guide wire lumen
in the shait main body and along the lumen in the shatt
distal portion while extending distally beyond the open
distal end of the shaift distal portion and proximally
beyond a proximal end of the second shaft proximal
portion;

a first hub portion interlocked with the first shaft proximal
portion 1n an airtight manner and a second hub portion
interlocked with the second shait proximal portion 1n
an airtight manner;

a drive shaft rotatably positioned in the 1mage acquiring

lumen and axially movable in the image acquiring

lumen, the drive shaft possessing a distal end;

a transducer unit configured to acquire images, the trans-
ducer unit being fixed to the distal end of the drive shatt
so that axial and rotational movement of the drive shaft
results 1n axial and rotational movement respectively of
the transducer unit; and

a hub casing encircling at least a part of the first hub
portion, at least a part of the second hub portion and a
part of the shait main body positioned immediately
distal of the first and second hub portions.

11. The medical device according to claim 10, wherein the
shaft main body portion includes two diflerently-colored
regions, the two differently-colored regions including one
region of a first color 1n which the 1image acquiring lumen 1s
provided and an other region of a second color different from
the first color in which the guide wire lumen 1s provided.

12. The medical device according to claim 10, further
comprising an outer tube fixed to a proximal end of the first
hub portion.

13. The medical device according to claim 10, wherein the
hub casing 1s fixed to a distal portion of the first hub portion
by a first convex portion that i1s fitted into a first concave
portion, the first convex portion being provided on one of an
exterior of the first hub portion and an interior of the hub
casing, the first concave portion being provided on the other
of the exterior of the first hub portion and the interior of the
hub casing.

14. The medical device according to claim 13, wherein the
hub casing 1s fixed to a distal portion of the second hub
portion by a second convex portion that 1s fitted into a
second concave portion, the second convex portion being
provided on one of an exterior of the second hub portion and
an 1nterior of the hub casing, the second concave portion
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being provided on the other of the exterior of the second hub
portion and the interior of the hub casing.

15. The medical device according to claim 10, wherein a
proximal portion of the first hub portion 1s exposed outside
the hub casing, and a proximal portion of the second hub
portion 1s exposed outside the hub casing.

16. The medical device according to claim 10, wherein the
hub casing 1s comprised of first and second parts mechani-
cally connected together by a hook on the first part and a
stepped portion on the second part that 1s engaged by the
hook to interlock the first and second parts.

17. A method comprising:

inserting a guide wire mto a lumen 1n a living body, the

guide wire possessing a distal end and an opposite

proximal end, the guide wire being introduced nto the
lumen 1n the living body such that the proximal end of
the guide wire remains outside the living body;

introducing the proximal end of the guidewire into an
open distal end of a medical device, the medical device
comprising:

a shaft main body portion provided with a guide wire
lumen and an i1mage acquiring lumen that both
extend along an entire length of the shaft main body,
the guide wire lumen and the 1mage acquiring lumen
being separated from one another by a wall;

a proximal portion of the shaft main body portion
comprising a first shait proximal portion in which a
portion of the image acquiring lumen 1s disposed and
a second shaft proximal portion in which a portion of
the guide wire lumen 1s disposed, the first shaft
proximal portion and the second shait proximal
portion being bifurcated;

a shaft distal portion positioned distal of the shaft main
body portion, the shaft distal portion including a
common lumen in which the 1image acquiring lumen
and the guide wire lumen converge, the shaft distal
portion including an open distal end constituting the
open distal end of the medical device into which the
proximal end of the guidewire 1s mtroduced;
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a first hub portion interlocked with the first shaft
proximal portion 1n an airtight manner and a second
hub portion interlocked with the second shatt proxi-
mal portion 1n an airtight manner;

a hub casing covering at least a part of the first shaft
proximal portion, at least a part of the second shatt
proximal portion, at least a part of the first hub
portion, and at least a part of the second hub portion;

moving the medical device along the guide wire while

guiding the proximal end of the guide wire through the
common lumen 1n the shait distal portion and into the
guide wire lumen 1n the shaft main body portion;
continuing to move the medical device along the gumide
wire to guide the proximal end of the guide wire nto
the guide wire lumen in the second shaft proximal
portion, and to guide the proximal end of the guide wire
through the second hub portion so that the proximal end

of the guide wire 1s positioned proximally beyond a

proximal end of second hub portion; and

moving an imaging unit 1n a distal direction in the image

acquiring lumen by axially moving a driving shaft
possessing a distal end to which the 1imaging unit is
fixed, the moving of the imaging unit 1n the distal
direction 1n the image acquiring lumen causing the
imaging umt to enter the common lumen 1n the shaft
distal portion.

18. The method according to claim 17, wherein the shaft
main body portion mcludes two differently-colored regions,
the two differently-colored regions including one region of
a first color 1n which the image acquiring lumen 1s provided
and an other region of a second color different from the first
color 1n which the guide wire lumen 1s provided, the moving
of the medical device along the guide wire while guiding the
proximal end of the guide wire through the common lumen
in the shaft distal portion and into the guide wire lumen 1n
the shait main body portion being performed while visually
observing the second color of the region 1n which the guide
wire lumen 1s disposed.
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